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The basis for native as well as therapeutic neovascularization is 
not restricted to angiogenesis but includes postnatal vasculogenesis. Our 
laboratory and others' have established that bone marrow-derived 
endothelial progenitor cells (EPCs) are present in the systemic 
circulation, are augmented in response to certain cytokines and/or tissue 
ischemia, and home to as well as incorporate into sites of 
neovascularization. Given the background, EPCs have been investigated as 
therapeutic agents in these studies of supply-side angiogenesis under 
pathological as well as physiological conditions. This review discusses the 
therapeutic potential of EPCs for cardiovascular ischemic diseases. 
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ABSTRACT: Putative endothelial cell (EC) progenitors or angioblasts were 
isolated from human peripheral blood by magnetic bead selection on the 
basis of cell surface antigen expression. In vitro, these cells 
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ABSTRACT: Background: We investigated the therapeutic potential of ex 
vivo expanded endothelial progenitor cellsJ(EPCs) for f ; ^ ) 
myocardial neovascularization. Methods^and^Results: Peripheral blood '* - 
mononuclear cells obtained from healthy^human adults were cultured in EPC 
medium and harvested 7 days later. Myoc^fdialJschemia was induced by 
ligating the left anterior descending coronary arteryin male Hsd:>RH-rnu 
(athymic nude) rats. A total of 106 EPCs labeled with 1,1'^ibcTadecyl-l 
to 3,3,3', 3'-tetramethylindocarbocyanine perchlorate were injected 
intravenously 3 hours after the induction of myocardial ischemia. Seven 
days later, fluorescence-conjugated Bandeiraea simplicifolia lectin I was 
administered intravenously, and the rats were immediately killed. 
Fluorescence microscopy revealed that transplanted EPCs accumulated in 
the ischemic area and incorporated into foci of myocardial 
neovascularization. To determine the impact on left ventricular-function, 
5 rats (EPC group) were injected intravenously with 106 EPCs 3 hours 
after ischemia; 5 other rats (control group) received culture media. 
Echocardiography, performed just before and 28 days after ischemia, 
disclosed ventricular dimensions that were significantly smaller and 
fractional shortening that was significantly greater in the EPC group 
than in the control group by day 28. Regional wall motion was better 
preserved in the EPC group. After euthanization on day 28^ necropsy 
examination disclosed that capillary density was significantly, greater in 
the EPC group than in the control group. Moreover, the extent of left 
ventricular scarring was significantly less in rats receiving EPCs.than 
in controls. Immunohistochemistry revealed capillaries that v^ererpbsitive 
for human-specific endothelial cells. Conclusions: Ex vivo expanded EPCs 
incorporate into foci of myocardial neovascularization and haye?a 
favorable impact on the preservation of left ventricular function. 
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ABSTRACT: In animal models of ischemia, a large body of evidence indicates 
that administration of angiogenic growth factors, either as recombinant 
protein or by gene transfer, can augment nutrient perfusion through 
neovascularization. While many cytokines have angiogenic activity, the 
best studied both in animal models and clinical trials are vascular 
endothelial growth factor (VEGF) and fibroblast growth factor (FGF). 
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differentiated into ECs. In animal models of ischemia, heterologous, 
homologous, and autologous EC progenitors incorporated into sites of 
active angiogenesis. These findings suggest that EC progenitors may be 
useful for augmenting collateral vessel growth to ischemic tissues ( 
therapeutic angiogenesis) and for delivering anti- or 
pro-angiogenic agents, respectively, to sites of pathologic Qf.^j 5 . r\ 
utilitarian angiogenesis. ' t: ; ' 
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ABSTRACT: Animal studies and preliminary results in humans suggest that 
lower extremity and myocardial ischemia can be attenuated by treatment 
with angiogenic cytokines. The resident population of endothelial cells 
that is competent to respond to an available level of angiogenic growth 
factors, however, may potentially limit the extent to which cytokine 
supplementation enhances tissue neovascularization. Accordingly, we 
transplanted human endothelial progenitor cells (hEPCs) to ,^k: : 
athymic nude mice with hindlimb ischemia. Blood flow recovery and 
capillary density in the ischemic hindlimb were markedly impxbvjsd, and 
the rate of limb loss was significantly reduced. Ex vivo expanded hEPCs 
may thus have utility as a "supply-side" strategy for therapeutic 
neovascularization. 
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ABSTRACT: Preclinical studies in animal models and early results of 
clinical trials in patients suggest that intramuscular injection of naked 
plasmid DNA encoding vascular endothelial growth factor (VEGF) can 
promote neovascularization of ischemic tissues. Such neovascularization 
has been attributed exclusively to sprout formation of endothelial cells 
derived from preexisting vessels. We investigated the hypothesis that 
VEGF gene transfer may also augment the population of circulating 
\ endothelial progenitor cells (EPCs). In patients with 
\ critical limb ischemia receiving VEGF gene transfer, gene expression was 
\ documented by a transient increase in plasma levels of VEGF. A culture 
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ABSTRACT: Animal studies and preliminary results in humans; suggest that 
lower extremity and myocardial ischemia can be attenuated by-treatment 
with angiogenic cytokines. The resident population of endothelial cells 
that is competent to respond to an available level of angiogenic growth 
factors, however, may potentially limit the extent to which cytokine 
supplementation enhances tissue neovascularization. Accordingly, we 
transplanted human endothelial progenitor cells (hEPCs) ; to^rn 
athymic nude mice with hindlimb ischemia. Blood flow recovery -and 
capillary density in the ischemic hindlimb were markedly impxovecl/and 
the rate of limb loss was significantly reduced. Ex vivo expanded hEPCs 
may thus have utility as a "supply-side" strategy for therapeutic . 
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ABSTRACT: Preclinical studies in animal models and early results of 
clinical trials in patients suggest that intramuscular injection of naked 
plasmid DNA encoding vascular endothelial growth factor (VEGF) can 
promote neovascularization of ischemic tissues. Such neovascularization 
has been attributed exclusively to sprout formation of endothelial cells 
derived from preexisting vessels. We investigated the hypothesis that 
VEGF gene transfer may also augment the population of circulating 
endothelial progenitor cells (EPCs). In patients with 
critical limb ischemia receiving VEGF gene transfer, gene expression was 
documented by a transient increase in plasma levels of VEGF. A culture 
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ABSTRACT: Background: We investigated the therapeutic potential of ex 
vivo expanded endothelial progenitor cells (EPCs) for 
myocardial neovascularization. Methods and Results: Peripheral blood 
mononuclear cells obtained from healthy human adults were cultured in EPC 
medium and harvested 7 days later. Myocardial ischemia was induced by 
ligating the left anterior descending coronary artery in male Hsd:RH-mu 
(athymic nude) rats. A total of 106 EPCs labeled with l.r-dibctadecyM 
to 3,3,3\3'-tetramethylindocarbocyanine perchlorate were injected 
intravenously 3 hours after the induction of myocardial ischenriia. Seven 
days later, fluorescence-conjugated Bandeiraea simplicifolia lectin I was 
administered intravenously, and the rats were immediately killed. 
Fluorescence microscopy revealed that transplanted EPCs accumulated in 
the ischemic area and incorporated into foci of myocardial 
neovascularization. To determine the impact on left ventricular function, 
5 rats (EPC group) were injected intravenously with 106 EPCs 3 hours 
after ischemia; 5 other rats (control group) received culture media. 
Echocardiography, performed just before and 28 days after ischemia, 
disclosed ventricular dimensions that were significantly smaller and 
fractional shortening that was significantly greater in the EPC group 
than in the control group by day 28. Regional wall motion was better 
preserved in the EPC group. After euthanization on day 28,: necrqpsy 
examination disclosed that capillary density was significantly greater in 
the EPC group than in the control group. Moreover, the extent of left 
ventricular scarring was significantly less in rats receiving EPCs-than 
in controls. Immunohistochemistry revealed capillaries that wereipositive 
for human-specific endothelial cells. Conclusions: Ex vivo expanded EPCs 
incorporate into foci of myocardial neovascularization and hgyeia 
favorable impact on the preservation of left ventricular function. 
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ABSTRACT: In animal models of ischemia, a large body of evidence indicates 
that administration of angiogenic growth factors, either as recombinant 
protein or by gene transfer, can augment nutrient perfusion through 
neovascularization. While many cytokines have angiogenic activity, the 
best studied both in animal models and clinical trials are vascular 
endothelial growth factor (VEGF) and fibroblast growth factor (FGF). 



Clinical trials of therapeutic angiogenesis in patients with : : 
end-stage coronary artery disease have shown large increases in exercise 
time and marked reductions in symptoms of angina, as well as objective 
evidence of improved perfusion and left ventricular function. Larger 
scale placebo-controlled trials have been limited to intracoronary and 
intravenous administration of recombinant protein, and have riot yet shown 
significant improvement in either exercise time or angina when compared 
to placebo. Larger scale placebo-controlled studies of gene transfer are 
in progress. Future clinical studies will be required to determine the 
optimal dose, formulation, route of administration and combinations of 
growth factors, as well as the requirement for endothelial 
progenitor cell or stem cell supplementation, to provide * ^ * 
effective and safe therapeutic myocardial angiogenesis. ; 
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ABSTRACT: Background-Previous studies have established that bone 
marrow-derived endothelial progenitor cells (EPCs) are 
present in the systemic circulation. In the current study, we 
investigated the hypothesis that gene transfer can be used to;achieve 
phenotypic modulation of EPCs. Methods and Results-ln vitro, ; exJvivo 
murine vascular endothelial growth factor (VEGF) 164 gene transfer 
augmented EPC proliferative activity and enhanced adhesion and 
incorporation of EPCs into quiescent as well as activated en^ptbeliaL 
cell monolayers. To determine if such phenotypic modulation may 
facilitate therapeutic neovascularization, heterologous EPGs%^£ 
transduced with adenovirus encoding VEGF were administered to athymic 
nude mice with hindlimb ischemia; neovascularization and blood flow 
recovery were both improved, and limb necrosis/autoamputation were 
reduced by 63.7% in comparison with control animals. The dose of EPCs 
used for the in vivo experiments was 30 times less than that required in 
previous trials of EPC transplantation to improve ischemic limb salvage. 
Necropsy analysis of animals that received Dil-labeled VEGF-transduced 
EPCs confirmed that enhanced EPC incorporation demonstrated in vitro 
contributed to in vivo neovascularization as well. Conclusions-ln vitro, 
VEGF EPC gene transfer enhances EPC proliferation, adhesion, and 
incorporation into endothelial cell monolayers. In vivo, gene-modified 
EPCs facilitate the strategy of cell transplantation to augment naturally 
impaired neovascularization in an animal model of experimentally,induced 
limb ischemia. . v 
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